Summary. All of five lyophilised cultures of Mycoplasma orale kept for 23 years at room temperature were still viable, as were all but one of 12 lyophilised cultures of six Mycoplasma spp. that had been stored for 18-22 years at 4°C. Similarly, 11 of 13 lyophilised ureaplasma cultures were viable after 8-22 years at 4°C; the titre of organisms in the viable cultures had diminished no more than 100-fold. Seven broth cultures of five different Mycoplasma spp. all proved viable 5-13 years after being frozen and stored at -7O"C, although there was up to 104-fold reduction in the titre of organisms in some cultures. Furthermore, 18 (82%) of 22 different Mycoplasma spp., originally lyophilised and then reconstituted and stored at -70"C, were viable after 16 years. Viable organisms were found, with little or no reduction in titre, in all of seven broth cultures of Ureaplasma urealyticum, comprising six serotypes, after storage for 6-10 years at -7O"C, but five of 18 broth cultures of other human and animal ureaplasmas stored likewise were not viable after 13-14 years and in a further seven of them the titre of viable organisms had diminished 2 lo4-fold.
Introduction
Within the class Mollicutes, the family Mycoplasmataceae comprises two genera, Mycoplasma and Ureaplasma. The former encompasses nearly 80 named species, derived mainly from various mammalian and avian hosts, and the latter only three, of which U. urealyticum comprises strains from man. Lacking a rigid cell wall and bounded only by a triple-layered plasma membrane, the mollicutes are potentially vulnerable to environmental changes but, nevertheless, can be preserved by storing at low temperatures or by freezedrying. '-' Retention of viability in lyophilised cultures after 10-1 5 years has been reported2-and Tully and Ruchman6 recovered M . neurolyticum from two lyophilised cultures after 20 years. Otherwise, however, information is restricted to relatively short periods of storage. We have been able to assess the viability of Mycoplasma and Ureaplasma spp. that had been stored under various laboratory conditions for between 5 and 23 years and our findings are reported here. 
Materials and methods

Mycoplasmas and ureaplasmas tested
The source of most of the strains of mycoplasmas and ureaplasmas from either human or various animal species has been described before.'q8 Some cultures had been freeze-dried in 0.1 ml volumes, as described previously, and stored at room temperature (RT) or at 4°C. Skimmed milk (SM) or 2% bovine plasma albumin (BPA), as potential preservatives, had been added in an equal volume to a few cultures (see Results) before freezedrying.
Some broth cultures had been frozen at -70" and stored at this temperature. These were of two types, either broth cultures stored frozen in 1.0ml volumes while the organisms were in the logarithmic phase of growth, or previously lyophilised cultures that had been reconstituted with distilled water to the original volume before being stored frozen.
Growth media
The media have been described previously7y9 and essentially comprised PPLO broth base supplemented with yeast extract 10% v/v of 25% w/v, horse serum 20% v/v, penicillin G 1000 iu/ml, thallous acetate 0.05% and phenol red 0.02%. Glucose, arginine or urea (0-1%, w/v) was added and the pH was adjusted to 7.8, 7-0 or 6.8, respectively, for the three media.
Treatment of cultures before testing
Sealed ampoules containing lyophilised cultures which had been stored at RT or 4°C were opened and the contents were reconstituted by adding 1.8 ml of the appropriate growth medium (glucose, arginine or urea broth), so providing an approximate 20-fold dilution of the original material. Frozen, stored cultures were thawed rapidly by manual agitation in a water bath at 37°C.
Qualitative and quantitative estimation of viable organisms
Both reconstituted and thawed cultures were diluted 10-fold by inoculating 0.2ml into 1.8 ml of growth medium. In some cases, further dilutions were made serially to lo8. All dilutions were incubated at 37°C and were observed for evidence of mycoplasmal or ureaplasma1 growth as denoted by an appropriate change in the colour of the medium." The highest dilution at which a change occurred was deemed to contain one colourchanging unit (ccu) and was recorded as the viability titre. The original titres presented in the tables for lyophilised cultures refer to those immediately after lyophilisation and for broth cultures to those soon after freezing to -70°C.
Results
Viability of lyophilised mycoplasmas and ureaplasmas
After storage for 23 years at RT, M. orale was recovered from each of five lyophilised cultures to which BPA had been added, but from none of four similar cultures with SM as additive. Also, M. hyorhinis was not recovered from a single BPAcontaining culture stored for a similar time at RT. Subsequently, lyophilised cultures were tested quantitatively (table I) . Thus, viable mycoplasmas were found in 11 of 12 lyophilised cultures of various Mycoplasma spp. stored for 18-22 years at 4°C; only M . gallisepticurn cultures had titres more than 1 0-fold lower than when lyophilised originally. Viable ureaplasmas were found in 11 of 13 lyophilised cultures of various species stored for 8-22 years at 4°C (table I). Only cultures of serotypes 4 and 6 of U. urealyticum were not viable after this time; the former had a low viability (lo2 ccu) originally. Except for serotype 6, titres of viable organisms had not diminished more than 100-fold.
Viability of mycoplasma and ureaplasma broth cultures stored at -70°C
Viable mycoplasmas were recovered from all of seven cultures of five different species stored for 5-13 years, although there was a considerable reduction (up to lo4-fold) in the titre of organisms in some cultures (table 11); cultures of M. pulmonis, however, showed no loss of titre.
Cultures of 22 Mycoplasma spp. that had been serotypes, after storage for 6-10 years at -70°C; some cultures showed no apparent reduction in the number of organisms (table 11) . However, viable organisms were found in only 5 of 9 cultures of untyped human ureaplasmas after storage for 14 years; the titre of organisms of those still viable was considerably reduced. In contrast, eight of nine cultures of non-human (mostly simian) ureaplasmas were viable after 13-14 years. It is noteworthy that the viability of those from talapoin monkeys was maintained completely, in contrast to the considerable loss of viability ( 2 104-fold) of other simian ureaplasmas (table 11) .
Discussion
It was observed previously' that the viability of lyophilised cultures of mycoplasmas and ureaplasmas containing BPA was stable for at least 34 months at 4°C and that addition to the medium of certain substances, other than BPA, before lyophilisation was detrimental. This finding has been confirmed and extended by the current observations. Lyophilised cultures of M . orale containing skimmed milk and stored at RT were not viable after 23 years whereas, remarkably, all lyophilised cultures of M. orale, containing BPA and kept under the same conditions, contained viable organisms. In general, lyophilised cultures of various mycoplasmas and ureaplasmas were well preserved after long-term storage at 4°C; 19 (86%) of 22 were viable after 8-22 years. Replicate ampoules of lyophilised cultures of M. hyorhinis and M . pulrnonis examined in this study, were found, independently, to contain viable organisms after storage at 4°C for 22 years and 18 years, respectively (T. Watanabe, personal communication).
It is conceivable that our results could have been somewhat affected by the sensitivity of media used currently for quantitative purposes being different from that used many years previously (albeit that the formulations have remained constant), as possibly reflected by apparent increases in titre in some cases (table 11) . Nevertheless, it seems justifiable to conclude that the viability of mycoplasmas and ureaplasmas stored at -70°C is less stable over long periods than the viability of those that have been lyophilised. This may be attributable, to some extent, to the occasional mechanical failure of deep-freezers producing fluctuations in temperature. Viability may be influenced also by the volume of culture stored; small quantities freeze more rapidly than large ones and hence the organisms may suffer less cryodamage. However, irrespective of these factors, it seems that cultures of some mycoplasmas-for example, in our tests, M . pulrnonis and the ureaplasmas from talapoin monkeys-maintain viability for longer periods than others. In the latter case, viable organisms were present in numbers equal to those seen 13 years previously, whereas many of the other ureaplasmal cultures had greatly reduced numbers, particularly those tested after 13-14 years. In view of the high pH of mature ureaplasmal brothcultures,
